were eligible for the present study. ELISA was performed by a technologist, blind to patient diagnoses. A single investigator contacted physicians to facilitate chart review. Data collected included demographics, final diagnoses and tests used to substantiate the final diagnosis. RESULTS: Of 482 subjects identified, 410 charts were available for review and 29 of those were unavailable for follow-up or had incomplete charts. The present study population included Crohn's disease (CD, n=114), ulcerative colitis (n=74), indeterminate colitis (n=31), celiac disease (n=9), irritable bowel syndrome (n=75), other diagnoses ( n=33) and no disease (n=45). ASCA had a sensitivity of 37% (95% CI 27.8 to 46.8) and specificity of 97% (95% CI 93.8 to 98.6) for diagnosing CD and an odds ratio for a diagnosis of CD of 18.4 (95% CI 8.2 to 41.3). The 47 ASCA-positive patients included the following diagnoses: CD=39, ulcerative colitis=3, indeterminate colitis=1, celiac disease=3 and no disease=1. The likelihood of having an inflammatory disease if ASCA is positive was nearly 40-fold. CONCLUSION: A positive ASCA test using this assay nearly clinches a diagnosis of some form of inflammatory intestinal disease, which is highly likely to be CD. In symptomatic patients, a positive ASCA test should encourage the clinician to pursue further investigations.
Key Words: Antineutrophil cytoplasmic antibody (ANCA); AntiSaccharomyces cerevisiae antibody (ASCA); Crohn's disease; Enzyme-linked immunosorbent assay (ELISA); Ulcerative colitis C linching a diagnosis of Crohn's disease or ulcerative colitis can sometimes be challenging. Over the past decade, serological markers have emerged with the hope of helping clinicians differentiate Crohn's disease from ulcerative colitis. Taking into account the duration of colitis, the availability of colonoscopy and certain histological features, it is not usually difficult to make a diagnosis of chronic colitis. Determining whether the colitis is ulcerative or Crohn's can sometimes be more challenging. Antineutrophil cytoplasmic antibody with a perinuclear staining pattern by indirect immmunofluorescence (pANCA) testing for ulcerative colitis has a diagnosis sensitivity of 60% to 70% and a specificity of 85% (1) (2) (3) (4) . Its utility as a diagnostic marker for differentiating ulcerative colitis from Crohn's colitis is questionable following the publication of a report showing that up to 50% of patients with Crohn's colitis may be pANCA-positive (5) .
Anti-Saccharomyces cerevisiae antibodies (ASCA) have been reported to be specific for Crohn's disease, although sensitivity is limited (2) (3) (4) (5) (6) (7) (8) . In earlier reports (9,10) of phenotypic associations with ASCA, it was mostly associated with ileal disease, rather than isolated Crohn's colitis. Hence, with pANCA positivity associated with Crohn's colitis and ASCA positivity not associated with colonic disease, these antibodies were less promising as tools to differentiate between these two forms of colitis. Two groups assessed 'all comers' with Crohn's disease and ulcerative colitis and found that the combinations of ASCA-positive/pANCA-negative for Crohn's disease and ASCA-negative/pANCA-positive for ulcerative colitis had positive predictive values of over 90% (3, 4) . However, these promising results included many patients in whom serological findings added little to the securing of the diagnosis. Patients with small bowel disease, fistulas or perineal disease are thought to have a confirmed diagnosis of Crohn's disease based on those findings and these types of unequivocal cases bolstered the apparent high-utility value of these antibody combinations.
One group (11) studying the utility of these antibodies in pediatric patients with gastrointestinal complaints presented the argument that positive results of these antibodies would highly suggest that the patient had inflammatory bowel disease and would warrant the invasive investigations more readily pursued in adults. Crohn's disease is an entity where, at times, the diagnosis can be somewhat more elusive than ulcerative colitis. Ulcerative colitis can be more easily ruled out with normal lower endoscopy and colonic biopsies. However, in patients with difficult-to-diagnose abdominal pain or diarrheal disorders, any diagnostic clues may be helpful. More recently, in the setting where the usual diagnostic testing has failed to clinch a diagnosis, capsule endoscopy has been used with some success (12) . Capsule endoscopy is a costly test and may be best reserved for those with a greater likelihood of having Crohn's disease.
In Manitoba, using serum collected from a tertiary referral centre, we developed an inexpensive and simple assay for measuring ASCA, and it proved to be highly specific for Crohn's disease (10) . In our original smaller study (10) , some subjects with celiac disease were ASCA-positive, and ASCApositive subjects did not have isolated colonic disease, hence the utility of ASCA as a necessary diagnostic adjunct was uncertain. Therefore, we undertook a retrospective study to determine the utility of ASCA in all patients in whom it was ordered from across the province of Manitoba in the first two years of assay availability.
METHODS
ASCA are immunoglobulin G and immunoglobulin A antibodies that recognize the mannose sequences in the cell wall of S cerevisiae strain Su 1 (Saccharomyces uvarum). An ELISA, using crude mannan as antigen, identifies ASCA (7). In 2000, an ELISA to determine antibodies to S cerevisiae was developed in Winnipeg, Manitoba at the Saint Boniface General Hospital Immunology Laboratory, which serves as the provincial reference laboratory for specialized immune antibody testing for clinical purposes. Sera were randomly selected from a serum bank established for studies of inflammation and inflammatory markers from the University of Manitoba Inflammatory Bowel Disease Clinical and Research Centre. A standard ELISA was run using 0.2 g of mannan from S cerevisiae (Sigma Diagnostics, USA) (10) . A positive result was determined to be greater than 15 binding units, which was at least four standard deviations from the mean of normal controls. The assay had a sensitivity of 53% and a specificity of 96% for diagnosing Crohn's disease when compared with all others, and in comparing Crohn's disease with ulcerative colitis, the sensitivity was 60% and the specificity was 100%.
In 2001, physicians from across the province could refer serum for ASCA testing to the Saint Boniface General Hospital Immunology Laboratory. The laboratory conducted ASCA testing blind to any clinical information. All subjects from Manitoba, both adult and pediatric, whose serum had been referred for ASCA testing in 2001 and 2002, were eligible for the present study. ELISA was performed by a technologist, blind to patient diagnoses. Clinicians making the final diagnoses were not blind to the ASCA test results. A single investigator contacted physicians to facilitate chart review. Data collected included demographics, final diagnoses, Crohn's disease phenotype, tests used to substantiate final diagnosis and pANCA results (for those in whom it was ordered). If patients had fistulizing disease, strictures and inflammation, the patients were categorized as having fistulizing disease (ie, by the most advanced lesion present). Furthermore, fistulizing disease referred to enteric fistulas independent of the presence or absence of perineal disease.
Sensitivity, specificity and odds ratios were calculated. Fisher's exact test, with two-tailed P values, was used to compare proportions, and Student's t test was used to compare means with standard deviations. The present study was approved by the University of Manitoba Research Ethics Board.
RESULTS
Of the 482 patients identified, 410 (85%) were reviewed (the remaining 72 had physicians who could not be contacted either because of relocation, retirement or death). Of the 410 patients, 29 were unavailable for follow-up or had incomplete charts, leaving 381 charts for analysis. A single investigator (BK) gathered all the data except for one case record, which was completed by the personal physician.
There were 114 patients with Crohn's disease, 74 with ulcerative colitis, 31 with indeterminate colitis, nine with celiac disease, 75 with irritable bowel syndrome (IBS), 33 with other diagnoses and 45 with no disease (Table 1 ). There were 215 males and 166 females, and there was no difference in diagnoses between the sexes except that IBS was more common among females ( Table 1 ). The mean age of patients in each diagnostic category was similar except patients with 'other' diagnoses tended to be older (Table 1 ). In terms of type of physician referring patients for ASCA testing, 82.7% of patients were referred by either an adult or pediatric gastroenterologist, 14.7% were referred by a surgeon, 2.9% were pediatricians and 0.3% were family physicians. Several investigations were used to substantiate patient diagnoses (Table 2) .
ASCA results
There were 47 patients who were ASCA-positive and, of these, 39 (83%) had Crohn's disease, three (6%) had ulcerative colitis, one (2%) had indeterminate colitis, three (6%) had celiac disease and one (2%) had no disease (Table 1) . Serological data based on diagnoses are summarized in Table 3 . Of note, 39 of 114 patients (34%) with Crohn's disease were ASCA-positive. Furthermore, there was no significant difference in ASCA positivity by sex; however, ASCA-positive patients were significantly younger ( Table 3 ). The site of the disease in the present study population among Crohn's disease patients who were ASCA-positive was as follows: 37% with small bowel only, 31% with colon only and 38% with both small and large bowel involvement (Table 4) . Among the Crohn's patients, 79 had isolated inflammatory disease (ASCA-positive in 32.9%), 28 had fistulizing disease (ASCA-positive in 39.3%) and seven had stricturing disease (ASCA-positive in 42.5%) ( Table 4) . Of 22 subjects with perineal disease, ASCA was positive in 29.2%. The difference in ASCA positivity based on disease phenotype was not significant (P=0.46).
Comparing mean ASCA serological values in Crohn's disease patients according to disease location (Table 5) , the difference was significant between small bowel disease and isolated colonic disease (P=0.004), as well as between combined small and large bowel disease and isolated colonic disease (P=0.003). The difference in the mean ASCA values between patients with isolated small bowel disease and those with combined small and large bowel disease was not significant (P=0.15). There was no statistically significant difference in mean ASCA values in patients with inflammatory disease compared with those patients who had fistulas or strictures (P=0.18) ( Table 5) .
Only 92 of the Crohn's disease patients' charts had documentation of a smoking history (Table 4) . Of 33 Crohn's disease patients with positive smoking histories, 10 (30.3%) were ASCA-positive and, of 59 nonsmokers, 23 (39.0%) were ASCA-positive (P=0.41).
Comparing Crohn's disease with all other diagnoses, the sensitivity was 36.8% (95% CI 27.8 to 46.8) and specificity was 96.9% (95% CI 93.8 to 98.6) ( Table 6 ) (eight Crohn's disease patients were deemed to be borderline on ASCA assessment). Similarly, comparison between Crohn's disease and ulcerative colitis revealed a sensitivity of 36.8% (95% CI 27.8 to 46.8) and a specificity of 95.9% (95% CI 87.7 to 98.9). Contrasting the presence of any inflammatory bowel disease (Crohn's disease, ulcerative colitis, indeterminate colitis and celiac disease) with no disease, IBS and other diagnoses demonstrated a sensitivity of 21.1% (95% CI 16.0 to 27.2), specificity of 99.3% (95% CI 95.8 to 100.0) and an odds ratio of 39.9 (95% CI 5.43 to 292.5). Notably, 33% of the patients with celiac disease were ASCA-positive.
pANCA Of the 381 patients in the present study, only 280 were tested for pANCA. Locally, it is not standard practice to order both ASCA and pANCA testing on each patient, and which tests are ordered is at the discretion of the individual physician. Nonetheless, the ANCA test was specific for ulcerative colitis and was positive in 24 of 61 (39.3%) ulcerative colitis patients and only one of 79 patients (1.3%) with Crohn's disease, three of 22 (13.6%) with indeterminate colitis and none of five patients with celiac disease, none of 58 patients with IBS, none of 17 with other diagnoses and none of 38 with no disease.
DISCUSSION
The present study shows that our assay, with a strict cut-off for a positive diagnosis (at more than four standard deviations from the mean of normals), has a very high specificity for Crohn's disease. When there are non-Crohn's disease cases that are positive, they invariably have some form of inflammatory disease. The performance of our assay in a larger sample size was less sensitive than initially reported. However, the specificity remained very high for Crohn's disease. Sensitivity levels of approximately 40% have been reported (13, 14) from two other large assay comparability studies with commentary suggesting that for different ASCA assays, sensitivity and specificity are invariably inversely related. The impact of the Identifying Crohn's and predicting inflammatory disease differences in sample populations, a province-wide survey of all samples assessed over a two-year period versus samples assessed from a tertiary referral clinic, upon the sensitivity of the assay is uncertain. Although the mean ASCA value was higher in those patients with isolated small bowel disease versus isolated colonic or combined small bowel and colonic disease, a new finding in the present study is that ASCA was also positive in cases with isolated colonic disease and, in fact, ASCA did not correlate with any one disease location. This is different from our initial study (10) and from data from other centres (9, 15) . ASCA was positive in 37% with any small bowel disease, in 31% with colonic disease and in 38% with both small and large bowel involvement. This raises the possibility that ASCA may still be useful in differentiating Crohn's colitis from ulcerative colitis. This would best be studied by a prospective analysis of indeterminate colitis using our assay. A recent study (16) of indeterminate colitis from Belgium and France did not show that ASCA testing was a strong predictor of cases ultimately becoming definite Crohn's disease.
ASCA was positive in 33% of patients with celiac disease. In Holland, celiac disease was associated with ASCA positivity in 43% of 37 patients (17) . Occasionally, patients with ulcerative colitis were also ASCA-positive in the present study. Celiac disease can be associated with microscopic colitis.
Hence, it is unclear whether a positive ASCA test represents an indication of small bowel pathology or of a colonic defect (or both).
A limitation of the present study is that ASCA results were available to the clinicians who ordered them and, hence, the ultimate diagnoses were not made blind to the ASCA (or ANCA) results. The gold standard diagnosis of Crohn's disease was made on the basis of standard endoscopic (94% underwent colonoscopy) and radiological (89% underwent computed tomography of the abdomen or small bowel follow-through) tests, and surgical data or other hallmarks of Crohn's disease such as fistulas, perineal disease or granulomas, and all final diagnoses used for study purposes were those confirmed by the researchers. Of those in the diagnostic categories of IBS, other or no diagnoses, the researchers had to be satisfied that sufficient testing was pursued to either rule out Crohn's disease, or that normal blood tests or other markers did not warrant further invasive testing. While it is possible that a known ASCA result could influence the decision to further pursue Crohn's disease testing, in 2001 and 2002 the true utility of our ASCA assay was not known to the ordering physicians. Because the present study was conducted in 2004 (the chart review and assessment of outcomes), there was more time for those in the non-Crohn's disease categories to present with new or other diagnostic features. The ASCA assay in this current assessment was less sensitive than when the assay was developed (10) , suggesting that more subjects with Crohn's disease had negative ASCA tests. Nonetheless, it remains plausible that the diagnostic testing in some subjects was influenced once the ASCA result was known, which could affect the specificity we are reporting.
In assessing the value of ASCA, it is important to determine the indication for ordering the test. For instance, with currently available data, it does not seem to be a strong test to confirm a diagnosis in a patient labelled as having indeterminate colitis. Given the low sensitivity of our ASCA assay, it is likely not a good test for asymptomatic screening or for subclinical disease. ASCA was positive in up to 25% of healthy first-degree relatives of Crohn's disease patients, suggesting that these antibodies may be markers for subclinical disease in families, or simply a marker of a genetic predisposition (18) (19) (20) (21) (22) . Hence, positive ASCA results will have to be interpreted cautiously in patients who have first degree relatives with Crohn's disease. However, in symptomatic patients, as in the present study, a positive ASCA result may be highly suggestive of an inflammatory process. We are not suggesting that ASCA can 
